What is Integrated Pest Management (IPM) and How Does it Relate to the Morris Arboretum of the University of Pennsylvania? by Olliffe, Wesley
University of Pennsylvania 
ScholarlyCommons 
Internship Program Reports Education and Visitor Experience 
3-2008 
What is Integrated Pest Management (IPM) and How Does it 
Relate to the Morris Arboretum of the University of Pennsylvania? 
Wesley Olliffe 
Follow this and additional works at: https://repository.upenn.edu/morrisarboretum_internreports 
Recommended Citation 
Olliffe, Wesley, "What is Integrated Pest Management (IPM) and How Does it Relate to the Morris 
Arboretum of the University of Pennsylvania?" (2008). Internship Program Reports. 109. 
https://repository.upenn.edu/morrisarboretum_internreports/109 
This paper is posted at ScholarlyCommons. https://repository.upenn.edu/morrisarboretum_internreports/109 
For more information, please contact repository@pobox.upenn.edu. 
What is Integrated Pest Management (IPM) and How Does it Relate to the Morris 
Arboretum of the University of Pennsylvania? 




Title: What is Integrated Pest Management (IPM) and How Does it Relate to the 
Morris Arboretum of the University of Pennsylvania? 
 
 
Author: Wesley Olliffe 
  The John J. Willaman & Martha Haas Valentine Plant Protection Intern 
 
 





 Integrated Pest Management has been used at the Morris Arboretum since the mid 1980s 
to maintain the health of the living collection. It is used to provide an environmentally 
responsible approach to controlling the pests and diseases at the Arboretum. The Morris 
Arboretum is a leading horticultural institution so it is necessary to promote and put the theory of 
IPM into practice using the relevant techniques in the working environment.  The focus of this 
project is to explain what IPM involves. It will highlight the core details that make up the 
program at the Arboretum and will include a list of pests and diseases that I have found in 2007. 
It reviews the steps of the IPM program at the Arboretum, and gives practical information to 
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IPM is the process of managing pests (organisms that have characteristics regarded as 
injurious or unwanted) in a way that is the least damaging to people, property and the 
environment. It uses a planned decision making process that is based on correct identification of 
the problem, good records and scientific data such as life cycles of the pest, to coordinate the use 
of cultural, biological and, as a last resort, the least toxic chemical controls. It works on the basis 
of thresholds (see below) and economic importance.  It can be used in the home, garden and 
natural landscape. 
Following the development of DDT (dichloro-diphenyl-trichloroethane) in the 1940s, a 
complete reliance on chemical pest control developed. Soon, however, it became apparent that 
non-target insects were being affected and that pests were increasingly developing resistance to 
chemicals. 
The concept of IPM was developed in response to those problems arising from excessive 
reliance on chemicals.  In the United States IPM was first made public in 1972 when it was 
published in a paper from President Nixon’s administration to Congress as well as in a report 
from the Council on Environmental Quality entitled Integrated Pest Management. (United 
States. Council on Environmental Quality. Integrated Pest Management, 1972. Washington, 
D.C.) 
It is not only entomologists who use IPM; plant pathologists also use the same concept in 
managing diseases and other plant problems. In 1975 the United States Department of 
Agriculture Cooperative Extension Service funded IPM programs in every state at which point 
the term IPM appeared in plant pathology literature.  
At the Morris Arboretum, IPM has been used for many years to conserve and protect the 
living collection.  In March 1988 a document entitled “Pest Management and Pesticide Use 
Policy” was created to guide pest management and pesticide use in the Arboretum. It outlines 
goals, policies and other information regarding pest control at the Arboretum.     
Implementing a good IPM program requires time, money, education and enthusiasm. 
IPM is employed to educate members of the staff and general public, as well as provide a 
scientific, environmentally sensitive method of managing the many pests and diseases that occur 
in the Arboretum. In 1999 a new version of the policy was created to update the information and 




It is inevitable that there are going to be pests present on plants and in the garden, so the 
question is, how many pests can be tolerated until they are considered to be a problem? This is 
what is known as threshold.   
The health of the collection at the Arboretum is very important so a level of tolerance 
towards pests needs to be set. There is an aesthetic threshold where the main consideration is for 
the appearance of the collection. People have very different tolerance levels when it comes to 
pests. For example, display gardens such as the conservatories at Longwood Gardens, that are 
striving for plants to look immaculate for display purposes would have different threshold levels 
than a less intense landscape such as the outdoor collection at the Morris Arboretum.  
If there is a crop of Euphorbia pulcherrima growing in a greenhouse, which has started to 




chemical on a small number of pests that are not necessarily damaging the plants?  The chemical  
could be expensive an unnecessary wasting the product.  Or would you monitor the problem and 
create a threshold level to determine what the consumer considers to be unacceptable? Threshold 




To make sure that up-to-date information is known about the pest and disease problems 
in an area, another vital ingredient to an IPM program is monitoring. Different examples of 
monitoring are used at Longwood Gardens and the Morris Arboretum. The process of scouting 
for pests, in these two very different locations, is similar but Longwood Gardens has a larger area 
to monitor. It does however have the benefit of having more scouts on the lookout for pests and 
diseases. Having more eyes watching for problems results in a better range of observations. At 
the Morris Arboretum the plant protection intern is the main scout and specifically goes out into 
the garden looking for problems. This has drawbacks because only having one person designated 
for this job means that problems may not be seen, which is why at the Arboretum it is important 
that the horticulture section leaders alert the plant protection intern for any symptoms of pests 
and diseases on a plant. 
The Greenhouse and the Fernery are two of the most critical areas at the Arboretum for 
regular IPM monitoring. These controlled environments can be a haven for pests and diseases, 
which is why careful consideration of the appropriate control is important. 
IPM at the Greenhouse and Fernery involves weekly scouting of these facilities 
throughout the  year. It is important to scout the Greenhouse all year because there are different 
problems from season to season. The plants are checked thoroughly and the information that is 
collected is recorded on a form and given to the propagator to be assessed. It is important to 
determine whether the problems are escalating or declining in numbers. 
Decisions can be made when scouting by surveying the results. A rough assessment of 
the condition is made by visually looking at the plant. This is known as qualitative analysis. If 
there are data that involve numbers such as insects on sticky cards and in pheromone traps, this is 
known as quantitative analysis. 
Sticky cards are used to count the number of pests in the Greenhouse (explained in more 
detail on the tools and resources page).  For outdoor collection, pheromone traps can be used to 
trap certain outdoor pests (explained in more detail on the tools and resources page). The number 
of pests can be counted and a control method can be implemented, if it is appropriate. Both types 
of analysis used together work well in providing a general overview and a more accurate 
approach to monitoring. 
 
EVALUATION AND COMMUNICATION 
 
The process of evaluation and control works well if there is good communication 
between the intern and section leaders. It is important to relate all of the information from 
scouting such as the life stages and the number of pests on the plant; as this information is 









Since working with the different methods of IPM in the greenhouse I have noticed that in 
reality using a range of methods to control a problem is the best approach. For example, just 
using beneficial insects such as Encarsia formosa to control an infestation of whitefly is not a 
quick-fix solution. It requires the use of horticulture oil sprays/insecticidal soap and good 
scouting records as well as research into the correct identification of the whitefly. Or if an 
insecticide is solely relied on and just sprayed when only one whitefly is found, without thinking 
about the threshold levels, it could be a waste of insecticide and time.  
Conflicts may arise if biological predators or parasites are being used along with 
chemical sprays at the same time. Beneficial insects could be killed by the chemical so timing of 
sprays is critical. Chemicals also leave residues on the plant that will end up killing the predators 
or parasites long after spraying so residual levels need to be considered when releasing beneficial 
insects.  Chemicals interfere with the natural enemies’ reproduction as well as reducing their 
effectiveness in locating the pests. It takes time to establish a population of beneficial insects in 
the Greenhouse that will manage the pest population effectively, so you don’t want to impede 
this by spraying a chemical.  Examples of predators or parasites that are susceptible to chemicals 
are Encarsia formosa, Phytoseiulus persimilis, green lacewings, and Trichogramma spp.  
 
Beneficial predators or parasites that have been used in the greenhouse complex to 
control certain pests 
 
 
The beneficial insects are bought from IPM Laboratories, Inc. Cryptolaemus 
montrouzieri are shipped as adults and a container has 100 beetles. The lacewings arrive in a 
honeycombe unit that contains about 500 larvae. They are released into the Fernery every two 
weeks. They are released as close to an infestation as possible.  Since releasing these beneficial 
insects into the Fernery over a period of five months I have seen a visual reduction of mealybug 
as well as the hemispherical scale. 
 In the Greenhouse we released 1000 Neoseiulus fallacis and 1000 Neoseiulus californicus 
predaceous mites to control the mite problem that was affecting a number of plants, especially 
Beneficial Insect  Pest  
Encarsia formosa Greenhouse whitefly 
Neoseiulus californicus Two spotted spider mite 
Neoseiulus fallacis Two spotted spider mite and European red mite 
Cryptolaemus montrouzieri Citrus and longtailed mealybug 
Chrysoperla spp (Lacewing) Hemispherical scale, mealybug, fern scale and aphids  
Steinernema carpocapsae (beneficial nematodes) Fungus gnat 
Amblyseius cucumeris Western flower thrips 
Atheta coriaria Fungus gnats and Western flower thrips   
Hippodamia convergens Aphids 
Hypoaspis miles Western flower thrips and fungus gnats 




the newly potted Hydrangea. The predators come in containers filled with sawdust and are 
distributed over the leaves of the plants. Before releasing the predators it is important to wet the 
foliage so the sawdust and predators adhere to the surface of the leaf instead of falling to the soil 
surface. It was incredible how quickly the population of mites decreased. The mites were 
released once a week over a period of four weeks.  
 Encarsia formosa was also released into the growing houses in an effort to control an 
outbreak of whitefly. The parasitic wasps come on cards that contain about 1000 parasitized 
whitefly nymphs. The cards are hung on the plants in the various houses where the adult emerges 
and flies off to find another whitefly. Encarsia formosa was released as soon as one whitefly was 
found so as not to allow an infestation. So far it has worked well judging by the small number of 
whitefly found on the yellow sticky cards.  
 In November 2007 we had an outbreak of fungus gnats and the beneficial nematode 
Steinernema carpocapsae was used to control the problem. They come in a small packet 
containing 10,000,000 nematodes that are diluted into a watering can. The nematodes are 
watered into each pot. We concentrated most of the nematodes on the Amaryllis and it has 
worked well in reducing the number of fungus gnats in the house.  
 To impact the population of fungus gnats we released two biological control agents in 
February 2008, Atheta coriaria are beetles to help control fungus gnats larvae as well as thrips.  
They come in a container filled with compost and are released into each pot throughout the 
Greenhouse; we also released Hypoaspis miles which work well with the Atheta coriari.    
We also released Hippodamia convergens. These are lady bugs that are used to control 
Aphids mainly in the Fernery. 
The biological control Leptomastix dactylopii was used to control citrus mealybug in the 
growing houses; the wasps come in containers and are released close to the infestation, onto the 
foliage of the plants.  
To maintain a healthy population of beneficial insects it is important that multiple 
releases are made. Multiple releases allow the beneficial insects to control a population of pests 
effectively and to reproduce. 
 In the long term it is essential that the beneficial insects reproduce, so that money is not 
wasted and a sustainable control method is established. An example of this is in the Fernery 
where the Cryptolaemus montrouzieri are reproducing. It is also important that if beneficial 
insects are being used to control a low level pest population that the pest population is not 
completely eradicated. Beneficial insects require pests for food so a good balance is needed to 
sustain a healthy population. 




The other part of the Morris Arboretum where IPM is implemented is the outdoor 
collection of hardy trees and shrubs.  
There is a wide array of plants in the Arboretum, from trees to herbaceous plants that 
require observation. The areas that require more attention are the Rose Garden and the Pennock 
Flower Walk. These are main display areas and need to be maintained at a high standard, which 





The use of IPM in the gardens at the Arboretum differs from the Greenhouse program in 
several ways. The frequency of scouting is less, since it does not require regular scouting all year 
because the temperature has to be right for the development of pests (above 50 degrees 
Fahrenheit). The release of beneficial insects to provide control is not used, therefore control of a 
pest or disease relies on cultural methods such as pruning and keeping the plant healthy 
supplemented by chemical sprays if required. The strategy relies on section leaders relaying 
problems to the IPM intern; this is an important aspect for controlling problems outside as this 
then allows a good monitoring schedule to be set up.  See appendices for pest and disease 
problems in the Arboretum. 
At the Arboretum, annual evaluations of certain plants are carried out. This is done to 
check the susceptibility and severity to ongoing pest and disease problems. The evaluations for 
these problems are done twice a year, once in the spring/summer and again in autumn. The 
evaluations are separate from the regular monitoring program such as the weekly scouting of the 
Rose Garden because they are used to evaluate the severity of a continuing problem.  
The Tsuga collection is evaluated for the elongate hemlock scale (Fiorinia externa) and 
hemlock wooly adelgid (Adelges tsugae), which are reducing the life span of individual plants. 
The Hamamelis and Corylopsis collection is evaluated for a leaf spot disease caused by 
Phyllosticta hamamelidis.  
The last problem that requires a regular inspection is the Japanese mealybug 
(Planococcus japonicus) that is reducing the vigor of a number of plants in the Arboretum.  
All of these problems require a visual inspection on each of the selected plants that are 
susceptible or of importance as determined by the Arboretum’s Curator. This process is 
extremely time-consuming and involves a list of plants and maps to find each plant in the 
Arboretum. The results for each plant are recorded on a form and reviewed by the Curator.  
 
TOOLS AND RESOURCES 
 
There are a number of useful tools to assist with scouting. These tools can help with 
diagnosing a plant problem effectively as well as helping with the organization and 
communication necessary for effective scouting.  
1.) Hand lens to observe pests in the field.  An example of when a hand lens is required is 
when there are symptoms of the two spotted spider mite on a leaf.  A magnification of 10x or 
greater is best. In addition dissecting microscopes are also useful and can be found in the 
laboratory at Gates Hall and in the Greenhouse. 
2.) Scouting Forms. To have a good IPM program it is imperative to keep good records. 
This will enable you to monitor the levels of pests accurately. It is important to write as much 
detail about the problems as possible especially life stages, so having a prepared scouting form 
really helps to organize all the information. 
3.) Sticky cards that are used for monitoring. Yellow sticky cards are used for whitefly as 
well as other common insects in the Greenhouse.  A blue card can be used to trap western flower 
thrips.  The sticky cards are placed in the houses and are checked at least once a week. The 
sticky cards should be placed on the benches in various locations in the Greenhouse especially 
by entrances and vents. They should also be placed next to host plants that are susceptible to 
pests, i.e. thrips on Chrysanthemums. The cards should be positioned above the foliage to 
intercept any flying insects. As soon as a pest is discovered is the best time to implement a 




4.) Flagging tape or different colored flags to identify certain pests i.e. white for 
mealybugs or orange for mites.   This works extremely well in highlighting a problem in the 
Greenhouse. If the problem requires a spray treatment it helps the person spraying to find the 
target plant in the Greenhouse. This is a much more time efficient method then trying to read 
scouting notes while suited up.  
5.) Pheromone Traps. To determine when certain pests that may cause damage to the 
outdoor collection are active, pheromone traps can be used to monitor the populations. The traps 
contain a pheromone lure that stimulates the type of scent produced by the female insects that 
attract the male insects. New lures are required each year and the traps are placed away from the 
host plant to draw the pest away from the susceptible plant and help decrease possible injury.  
 
 
Pheromone traps which have been used at the Morris Arboretum are: 
 
• Clear wing borer – install in early May, leave up through August 
• Lesser peach tree borer - install in early May, leave up through August 
• Dogwood borer – install in mid May , leave up through September  
• European pine shoot moth – install in early June, Leave up through July  
 
PHENOLOGICAL INDICATORS AND GROWING DEGREE DAYS 
 
There are two systems to assist with scouting and to predict when pests may emerge: 
phenological data and growing degree days. These two tools can be used together to determine 
when a pest may emerge or to predict when critical stages in the life cycle of a certain pest will 
be present so that the control measures can be properly timed. 
The use of phenological indicators refers to observing developmental stages of indicator 
plants in the landscape that correlate with pest emergence. There are different periods of a plant’s 
development that are observed i.e. FB - full bloom, PF – petal fall and FBB – flower bud break.  
Examples of plants that can be used in the Arboretum are Catalpa speciosa that can be 
used to predict the nymph stage of two spotted spider mite when it is in full bloom. Full bloom of 
Viburnum dentatum can be used to predict the presence of adults of the two spotted spider mite.  
When using plant phenology as a tool for scouting constant observation of the plant’s life 
stages is important. You must also use the same plant of each genus throughout the season. This 
gives more accurate results and allows better observations to be made. 
The second tool that can be used is growing degree days. Growing degree days are a 
measure of the accumulation of heat units. Each day that the average temperature is one degree 
above the base unit, one growing degree day is accumulated. For example using a base unit of 50 
degrees Fahrenheit, if the average temperature is 80 degrees Fahrenheit then 30 degree days are 
accumulated in that day.  
Insects and mites require heat for their metabolism, so when the temperatures are warm, 
they develop much more quickly then when it is cooler. There are a number of other base 
temperatures that could be used, B32, B40, B43 and B47.  Insects and mites usually don’t 
develop before temperatures reach 50 degrees Fahrenheit in this part of the country, so a base 
temperature of 50 degrees Fahrenheit is used to monitor at the Arboretum.  
Outdoor monitoring is usually started on the March 1 and is finished on October 31.  At 




(biophenometer). This piece of equipment measures the temperature every ten minutes and 
calculates growing degree days. The data is collected every week by the plant protection intern 
and put into an Excel worksheet.  
The accumulations in the beginning of the season will be slower due to the low 
temperature; as the temperature rises the accumulations will increase. This can be seen in the 
data that was collected in 2007 at Longwood Gardens (See Appendices).  
 
Example – To control the wooly adelgid, (Adelges tsugae), which is damaging the health 
of the Tsuga collection at the Arboretum, there are a number of opportunities where the use of 
horticultural oil can be sprayed to control the vulnerable crawler stage of the pest. These 
windows of opportunity are between 125-150 GDD, 400- 500 GDD and 2,500-3,000. This 
information was taken from the Penn- Del IPM Research Group. At the Arboretum the window 
that was used in 2007 to spray horticultural oil was 2,500-3,000. This was from August to 
September. This means that the insect is active around 2,500 GDD and control measures can be 
implemented until around 3,000 GDD to be effective. It was an unusually hot year in the summer 
of 2007 so the metabolism of development in the pest’s life cycle was a lot faster than in 
previous years. 
 
The growing degree and plant phenology systems can be used to improve efficiency in 
monitoring the collection. One thing that is important because pest development can be different 
from year to year is that scouting and visual observations should be done before the GDD 
number is reached to confirm the presence of a pest, therefore allowing time to implement the 




The information in this manual is designed to assist future plant protection interns and 
staff in enabling them to carry on an effective IPM program at the Morris Arboretum. It has 
covered the main principles and components of the IPM program at the Morris Arboretum. The 
information that I have collected can be used to educate the public, guides and volunteers so 
good IPM working procedures can be established.  
People are becoming more aware of environmental issues and how they affect our daily 
lives. Using IPM is an environmentally sensitive approach to controlling the many problems that 
can occur with plants and it allows for numerous methods to be employed.  
It is important that the Morris Arboretum continues to practice and use IPM so the we can 
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Pest and Disease Problems in the Outdoor Collection 
Since June 2007 I have found the following pests in the Arboretum: 
Hemlock Wooly Adelgid (Adelges tsugae) – Black and covered with a white cottony 
wax, usually distributed along the branch axes. 
Elongate Hemlock Scale (Fiorinia externa) – Nymph has a white elongate covering and 
is distributed on the underside of leaflets. 
Armored Scale – One in particular is the fern scale (Pinnaspis aspidistrae). The female 
has a brown oyster shell or pear shaped covering, and the male is small, long and white.  
Cottony Cushion Scale – The crawlers are red and housed in white cotton-like egg case 
that has a fluted appearance.   
Ash/lilac Borer (Podosesia syringae) – At the base of the plant there is sign of boring 
and gouging. 
Webworm – Visible webbing in the foliage that contains caterpillars. 
Bagworm – Caterpillars that develop a silken case covered with leaf debris.  
Black Vine Weevil (Otiorhynchus sulcatus) – Feed on leaves at night, produces notching 
wounds along the leaf margins. 
Wooly Beech Aphid (Phyllaphis fagi) – Long waxy white thread that covers the aphid. It 
is present on the stems and foliage.  
Japanese Beetle – Adults are metallic green with bronze wing covers. It produces 
skeletonizing injuries on the leaves and also flowers. 
Bronze Birch Borer (Agrilus anxius) – The main trunk has various D-shaped holes 
where the larvae have exited. The adult is black with a metallic finish. The affected tree will 
have a lot of die back of branches in the crown.  
Tobacco Hornworm (Manduca sexta) – One of the largest caterpillars found in North 
America. It has distinctive white markings down the side of its body as well as the prominent 
“horn” on its back. 
Holly Leafminer (Phytomyza ilicis) – The larvae make serpentine markings on the 
foliage and may cause stunted growth.  
Boxwood Psyllid (Cacopsylla buxi) – Causes leaf cupping.  
Lace Bug – They feed on the underside of leaves which cause white and yellow spotting 
that is evident on the leaf surface.  
Rose Midge (Dasineura rhodophaga) – Small flies usually located in the flowers. Causes 
“blind” shoots on roses.  
Galls – Unsightly growths develop on the leaves and branches.   
Cicada Killer (Sphecius spp.) – These are solitary wasps that can damage lawns whilst 
they excavate their tunnels.  
Cicada (Magicicada) – Damage to foliage and branches on a wide range of hosts.  
Aphid spp. – The aphids will be present on the leaves, in the crown and growing 
terminals of the plant. There may be a black honeydew on the foliage and the shoot tips may also 
curl up. 
Spider Mites – The leaves have a stippling effect and webbing present may be present. 
The leaves may also be distorted and chlorotic.   
Japanese Mealybug (Planococcus japonicus) – The affected foliage has yellow spotting 




Earwigs – Adults feed on flowers and vegetables and will hide in dark places throughout 
the day.  
Ants – They will protect scale and aphids from predators by feeding on the beneficial 
insects. 
 
Since June 2007 I have found the following diseases in the Arboretum: 
 
Powdery Mildew – White powdery fungal growth on the surface of leaves. It is caused 
by various species of fungi, which are host specific. Microsphaera, Oidium, Erysiphe, Uncinula 
and Podosphaera. Leaves may be disfigured and the plants may have premature leaf drop and 
reduced flowering.  
Bacterial Leaf Scorch – This is caused by the fungus Xylella fastidiosa. The leaf 
margins become brown and scorched and there is branch die-back over a number of seasons. 
Older leaves are affected first.  
Verticillium Wilt – Individual random branch die-back. Black streaking on the surface 
of the branch as well as underneath the bark. There may also be heavy seed production.  
Dutch Elm Disease – Sudden yellowing, then browning and shriveling of the leaves on 
parts of the tree.  After a number of seasons this may occur in the entire canopy. Take a cross 
section of a branch to look for brown streaking in the wood. Common on Ulmus americana.  
Phytophthora – This is a soil-born fungus that will kill the finer roots on a plant, the 
larger roots show a blackish discoloration. The lower stems show signs of die-back. The foliage 
is sparse and may become discolored. Requires laboratory diagnosis for confirmation.  
Black Spot – This is prevalent on Rosa foliage and is caused by the fungus Diplocarpon 
rosae. There will be black spots on the surface of the leaf which will look unsightly.   
Cytospora Canker – This affects Picea and will cause lower branches to die back. There 
will be resin flow from the trunk which usually dries a white color. 
Fireblight (Erwinia amylovora) – Leaves begin to curl up and various branches in the 
crown die back. A distinctive shepherds crook develops on shoots after an infection.  Residue 
may also ooze out of the infected stems. The bacterium affects only plants in the Roseaceae 
family.  
Diplodia (Sphaeropsis) – This fungal disease mainly affects Pines. The fungus infects the 
growing tips and causes the youngest needles to be stunted and turn brown. The fungus can be 
seen at the base of the infected needles.  
Cedar Apple rust (Gymnosporangium juniperi-virginianae) – Orange spots appear on 
the surface of the leaves as well as on young twigs and fruits. The Juniper has a gall-like growth 
that is commonly orange in color.  
Dogwood Anthracnose – Spots appear on the bracts and leaves, which may eventually 
drop out and leave spot holes. Cankers may develop on the lower branches causing severe die 
back. The fungus spreads quickly during cool, wet weather.  
Tar Spot – This affects maples and is not a serious problem apart from reducing the 
overall appearance of the tree. The fungus produces large black blotches surrounded by yellow 
halos on the surface of the leaf.  
Slime Flux – Watery substance oozes from the stems and trunk of an affected plant. It 






Phenological Indicator Plants 
 
This information was taken from Advanced Monitoring: Methods Used to Predict Pests  
by Casey Sclar and Jackie Bergquist (Longwood Gardens) 
 
 
Pest Phenological Indicator Growing Degree Day 
Aphids (Eggs) Cornus florida Petal fall (GDD 250 – 2800) 
Birch Leaf Miner (Larvae) Cercis Canadensis bloom (GDD 123 -290) 
Southern Red Mite (Eggs) Acer platanoides flower bud break (GDD 69 - 157) 
Holly Leaf Miner (Adults) Quercus palustris leaf bud break (GDD 147 – 265) 
Taxus Mealybug (Nymphs) Magnolia stellata full bloom (GDD 246 – 618) 
Elm Leaf Beetle (Larvae and Adult) Weigela full bloom (GDD 363 – 530) 
Azalea Lacebugs (Nymphs) Syringa reticulata bloom (GDD 372 – 618) 
Bronze Birch Borer (Adult) Kalmia latifolia bloom (GDD 400 – 880) 
Black Vine Weevil (Adults) Ilex opaca full bloom (GDD 400 – 900) 
Boxwood leaf Miner (Larvae) Syringa reticulata bloom (GDD 448 – 700) 
Azalea Whitefly (Immatures) Syringa reticulata bloom (GDD 448 – 700) 
Pine Needle Scale (Crawlers) Cornus kousa bloom (GDD 298 – 448) 
Rhododendron Borer (Adults) Weigela full bloom (GDD 509 – 696) 
Rhododendron Tip Midge (Adults) Cornus florida bloom (GDD 192 – 363) 
Hemlock wooly Adelgid (50% egg hatch) Leucothoe sp. and Weigelia full bloom (GDD 350) 
Elongate Hemlock Scale (Crawlers) Leucothoe sp. and Weigelia full bloom (GDD 360 – 700) 
Peach Tree Borer (Adults) Cotinus coggygria bloom (GDD 600 – 1800) 
Birch Leaf Miner (Adults) Catalpa bloom (GDD 530 – 700) 
Euonymus Scale (Crawlers) Catalpa bloom (GDD 533 – 820) 
Bagworm (Egg hatch) Cornus kousa full bloom (GDD 600 – 900) 
White Prunicola Scale (Crawlers) Clematis bloom (GDD 707 – 1151) 
Oak Spider Mite Koelreuteria bloom (GDD 802 – 1265) 
Hawthorn Lace Bug (Adults) Lagerstroemia indica leaf bud break (GDD 196 – 472) 
Imported Willow Leaf Beetle (Adult) Forsythia intermedia full bloom (GDD 136 – 2181) 
European Pine Sawfly (Larvae) Acer saccharinum bloom (GDD 34 – 1108) 
Honeylocust Spider Mite (Adult) Chaenomeles speciosa bloom (GDD 1 – 396) 
Spring Cankerworm (Larvae) Robinia pseudoacacia full bloom (GDD 326) 
Gypsy Moth (Larvae) Magnolia stellata full bloom (GDD 186 – 2181) 
Boxwood Spider Mite (Nymph) Prunus sargentii bloom (GDD 60 – 825) 
Northern Pine Weevil (Eggs) Rosa multiflora bloom (GDD 603) 
Lilac/Ash Borer (Larvae) Philadelphus coronarius full bloom (GDD 647 – 2507) 
Two Spotted Spider Mite (Adults) Viburnum dentatum full bloom (GDD 437 – 3518) 
European Pine Shoot Moth (Adults) Spiraea x vanhouttei full bloom (GDD 316 – 1048) 
Cottony Maple Scale (Crawlers) Aesculus hippocastanum bloom (GDD 462 – 2362) 
Pine Spittlebug (Nymph) Pieris japonica full bloom (GDD 132 – 991) 
Dogwood Sawfly (Larvae) Aesculus parviflora bloom 
 




SOURCES OF BIOLOGICAL CONTROL 
 
 
This is a list of companies that have been used to buy biological control: 
 
The Green Spot Ltd - 93 Priest Rd. Nottingham, NH 03290-6204 USA.  
 
Phone: 603.942.8925  
Website: http://greenmethods.com 
 
IPM Laboratories - Main Street, Locke, NY 13092 
 
Phone: 315-497-2063  
Email: ipminfo@ipmlabs.com  
Website: http://www.ipmlabs.com 
 
Rincon – Vitova Insectaries - P.O. box 1555, Ventura Ca. 93002 
 
Phone: 805-643-5407 






CHEMICALS USED IN 2007 AT THE MORRIS ARBORETUM 
OF THE UNIVERSITY OF PENNSYLVANIA 
 
 
Trade Name Active ingredient Uses 
Roundup Glyphosate Weeds 
Spectracide Indoxacarb Roses – Rose Midge  
Confront Triclopyr and Clopyralid Weeds 
Banner Max Propiconazole Roses - Blackspot 
Roundup Pro Glyphosate Weeds 
Aqua Neat Glyphosate and 
Isopropylamine) 
Meadow 
Merit Imidacloprid Roses – Rose Midge, Also contact kills 
Japanese Beetles 
Basagram Bentazon Thistle 
Drive 75 Quinclorac Weeds 
Prozalin Oryzalin Weeds 
Sedge Hammer Halosulfuron-methy Weeds 
Avid Abamectin Roses – Spider Mites  
Rodeo Glyphosate Japanese Knot weed 
Hexygon Hexythiazox Roses – Spider Mites  
Orthene Acephate Greenhouse (Not very often) 
Surflan Oryzalin Weeds 
Daconil Chlorothalonil Roses - Blackspot 
Manage Halosulfuron Sedge 
Renovate 3 Triclopyr Weeds 
Pennant Metolachlor Weeds 
Compass Trifloxystrobin Roses – Blackspot (Alternate with Banner Max) 
 
Least toxic chemicals that are also used:   
 
Horticulture oil - (Refined petroleum oil that smothers the pest and eggs causing 
asphyxiation) – Greenhouse and Tsuga collection  
 
Insecticidal soap - (A mixture of plant oils and animal fats that disrupts the membrane 
and removes the protective waxes on the insect, that causes death by excess water loss) - 
Greenhouse  
 
Slugo plus – Contains iron phosphate and spinosad which is a soil derived bacterium – 
Greenhouse  
 
 
